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INTRODUCTION
An important respiratory pigment of hi�her vert
ebrates is hemoglobin, a tetrameric molecule composed or
four protein subunits (Schroeder, 1959): two alpha peptide
chains and two beta chains, each arranged as structural
subunits or the whole molecule (Perutz et al., 1Q60). The
molecule is composed or the protein portion, globln,
bound to a ferroprotoporphyrin or heme group with each
of the four subunits containing one peptide chain together
with its heme group. It is the iron atom at the center ot
the heme group which is functionally responsible for
binding reversably the oxygen molecule during oxygenation
and deoxygenation of hemoglobin in its normal physiological
role. The molecular arrangement allows the iron to remain
in the ferrous form during the whole process.
Normal human adult hemoglobin (hemoglobin A) is
composed or two alpha and two beta chains. The human
fetus has a different type of hemo�lobin (hemoglobin F)
(White and Beaven, 195Q) which is chemically distinct
from the adult but is structurally similar. It has the two
alpha chains, and two gamma chains which are distinctly
different from the beta chains of adult hemoglobin
(Schroeder and Matsuda, 195A). The normal human adult
also has a minor

component, called hemoglobin A2 (Kunkel

and Wallenius, 1955) which is electrophoretically distinct.
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It is composed of two alpha ani two delta chains (In�rUI
and Stretton, 1961).
The hemoglobins of other vertebrates studied are
strikin�ly similar to that of humans in their overall
structure (Perutz et al., 1960). They are also composed
or four peptide chains, of two kinds. There is evidence
now that multiple forms of hemoglobins are to be found
in other animals in addition to man. These multiple forms
differ in peptide amino acid sequences althou�h their
oYerall structures are similar to each other and to human
hemoglobin (Muller and Kingma, 1961).
In addition to the normal hemo�lobin forms there
haYe been demonstrated a lar�e number of abnormal hemo
�lobins. The study of these abnormal forms be�an with
Pauling et al. (1949) and the discovery of the abnormal
hemoglobin associated with sickle cell anemia. This
pathological state was shown to be due to the substitution
of one amino acid for another in only one position in the
beta chain of hemoglobin A (Ingram, 1959). Many other
variations have been demonstrated, some of which are
described by Ba�lioni (1Q62).
The demonstration of the existence of fetal hemo
globin in humans raises the questions of why the existence
of the fetal form and what controls its appearance?
Neither of these are clearly answerable questions. The
affinitT for oxygen of the fetal hemo�lobin in the fetal
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circulation is higher than the affinity of the adult hemo
globin in the adult circulation. We might assume this to
be physiologically advantageous to the fetus. However
Allen and Jandl (1960} nave shown that fetal and adult
hemoglobins dialized simttltaneously a�ainst the same
buffer solution result in hemoglobin solutions with the
same oxygen affinity. In other words interaction of the
fetal hemoglobin and the environment produces the higher
affinity. The answer to the second part of the question
is also difficult to obtain. In considering normal human
hemoglobins we are consideri� the control of the prod
uction of four peptide units and their incorporation into
a complex molecular structure. Control is proposed to be
based on a complex genetic system similar to that proposed
by Jacob and Monod (1q61}. A discussion of the whole prob
lem of control of the synthesis of the various units of
hemoglobin and control of the formation of the final
molecular structure is presented by Ba�lioni and Colombo
( 1964">.
With the develonment of new techniques many more
hemoglobin fractions are being found and char4cterized.
Even in human beings new fractions a.re being separated,
demonstrating the heterogeniety of hemoglobin between
species, within a species and between individuals in
certain pathological and environmental situations.
Ingram ( 1963) ha.s stated that "among other animals there
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are several examples where one can easily identify the
fetal hemoglobin as being chemically different from the
adult hemoglobin. This is so for example, with the monkey,
ox, goat, sheep and mouse. Possibly the 11st will be
extended; and equally possibly those animals where a
distinct difference between the fetal and adult hemoglobin
has not yet been shown may in fact have such a difference
which 1s waiting to be characterized."
This thesis is the result of a study of the hemo
globin of adult and fetal pigs usin� electrophoretic and
chromatographic techniques to demonstrate the l!lUltiple
nature of the hemoglobin during the life cycle of this
animal. An attempt has been made to correlate the results
with those obtained by other researchers on different
animals using similar techniques. No attempt was ma.de,
however, to obtain detailed chemical analy�is of the
hemoglobin fractions and only one strain of pig was used
for the study. Fetal blood samples were pooled in order
to obtain enough blood for analysis and this may have
obscured individual variation, if any.

LI TE RA TU HE REVIEW
Gratzer and Allison (1960) have presented a
comprehensive review of the early literature with regard
to the demonstration of the existence of multiple hemo
globins. Adult pig hemoglobin, based on the studies of
Barak (1958) using paper electrophoresis, and Monnier
and Fischer ( 1958) using agar electrophoresi� at pH 8.6,
had been found to be homogeneous and the fetal pigment
did not differ electrophoretically from the adult.
However the hemoglobins of many other vertebrates
have been shown to possess multiple components, includin�
variations accompanying the change from fetal to adult
life. The hemoglobins of the following animals have been
shown, in a variety of techniques, to be heterogeneous in
nature. Studies have included the elephant (Kleinhauer,
Buss and Luck, 1965), white peking duck (Borgese and
Bertles, 196S), mouse (Morton, 1966), bat (Mitchell,
1966), chicken (Frazer, 1q64; Rodnan and Ebaugh, 1957;
Saha and Ghosh, 1965), sheep (Rodnan and Ebaugh, 1q57;
van der Helm, van Vliet And Huisman, 1Q57; van der Helm,
Visser, van Vliet and Huisman, 1G5A; Huisman, Brande and
Meyering, 1960), goat {Huisman et al., lG60), cow { Huisman
Martis and Dozy, 1958; Huisman et al., 1060), rat (Brada
and Tobiska, 1964), horse (Rodnan and Ebau�h, 1Q57;
Huisman et al., lG SA), chimpanzee (Huisman et a.l., 1960),
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and human (Huisman and Meyering, 1060; Huisman et al.,
1q58; Prins, 1959; Allen, Schroeder and Balog, 1958;
Huisman and Dozy, 1962; Chernoff, Pettit and Northrop,
1965). It therefore seemed reasonable that a further
analysis of pig hemoglobin might yield an indication of
multiple forms, including a fetal variety.
Two recent developments in analysis techniques,
and the results obtained using them on other animals,
indicated that they could be profitably employed for any
new study undertaken. Column chromatography using carboxy
methylcellulose, a cation exchanger, was first .developed
by ?eterson and Sober (1956) as a material for separating
serum proteins and was later found to be an excellent
material for separating hemoglobins. Huisman and Meyering
(1960) used this technique to demonstrate the hetero
geniety of human adult and fetal hemo�lobin. Huisman et al.
(1960) also used carboxymethylcellulose to demonstrate
the heterogeniety of hemoglobin in chimpanzee, cow (fetal
and adult), sheep and goat. Chernoff et al. (196.5) ha"-·e
also used carboxymethylcellulose to separate the multiple
fractions of normal and abnormal types in humans. It was
therefore decided that this material would be best to use
for a further study of pig hemoglobin.
A recent innovation in electrophoresis employs a
polyacetate strip in place of paper. Mitchell (1966) has
used this medium (Sepraphore III-Gelman Co.) to demon-

7
strate the existence of multiple hemoglobins in bats.
It seemed that this medium would also be of value in a
further study of pig hemoglobin.
The existence of an adult and a separate, distinct
fetal hemoglobin have been demonstrated convincingly for
a number of animals. However the appearance of minor
components, the demonstration of heterogeniety, has been
attributed to a number of factors: age, conjugation with
other compounds, breakage of the molecule in dilute solutions,
and dimerization of the molecules (Riggs, Sullivan and
Agee, 1965). Therefore the interpretation of the results
obtained from any study must be undertaken with these
points of view in mind.
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1-P.Tl{ODS AND PROCEDURSS

Preparation of Samples
Pig blood, both fetal and adult, was collected in
an anticoagulant and centrifuged at 2,000 rpm for

5

minutes.

The supernatant was removed and the erythrocytes suspended
in five volumes of cold saline. This washing step was
repeated three times. The cells were then separated by

5

centrifugation and

volumes of distilled water, containing

EDTA (lmg./ml.), were added. In addition

o.5

volume of

toluene was added and the mixture shaken and allowed to
stand overnight at

4 ° c.

The hemoglobin solution was removed from beneath
the toluene layer with a capillary pipette after cent
rifuging at 40,000 g for 1 houre The hemoglobin solution
was then stored at

-15 ° c.

until ready for further use.

When ready for use the hemoglobin solution was
thawed in the refrigerator. For electrophoresis the hemo
globin was dialized a total of 48 hours using 3 changes
of starting buffer. For chromatography the hemoglobin
solution was dialized in the cold against 3 changes of
starting buffer for

4B

hours.

Electrophoresis
Electrophoresis was carried out on a cellulose
polyacetate supr.ort membr�ne, Sepranhore III (Gelman
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Co., Ann Arbor, Mich.). The strips were soaked in Tris
EDTA- Borate (16.l,l.56,0.G2 grams of eA.ch per liter of
water) buffer at pH 8.6. The electrophoresis chamber
(Model 51170-Gelman Deluxe Model) was filled with the
Tris-EDTA-Borate buffer. The strips were placed in the
chamber and the Gelman sample applicator was then loaded
with dialized hemoglobin solution. The samples were then
applied to the strips as staight, uniform lines. Electro
phoresis was performed at 500 volts for 60 minutes. (No
temperature regulation was necessa1,y but cold starting
buffer was used).
Following completion of electrophoresis the strips
were immediately placed in the stain (Ponceau S) for 5
minutes. The excess stain was then removed by washing for
three minutes in each of

4

trays of 5% acetic acid. The

strips were then air dryed, cleared and placed on glass
slides. The cleared strips were allowed to stand overni�ht
and then were scanned on a Gelman Strip Scanner(No. 3q301).
For a more detailed account of the electrophoresis
procedure see Appendix I.
CMC Chromatography
A series of 0.01 M phosphate buffers were prepared
according to the procedure of Chernoff et al. (1965).
Me.nnex-CM cellulose, a cation exchanger, was used for all
operations. New exch4nger was placed in distilled water
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and settled (35-40 min.) repeatedly until all fines were
removed. New batches were equilibrated with starting buffer
until the pH of the supernatant was the same as that of the
starting buffer.
A column (2.5 cm. x 5.0 cm.) was prepared by pouring
a slurry of carboxymethylcellulose into a freely flowing
column in such a way that new slurry was added as clear
effluent escaped out the bottom. Column preparations and
all runs were done at room temperature.
The dialized hemo�lobin solution (1 ml. containing
approximately 25 mg. of hemoglobin) was applied to the top
of the column and eluted into the column with 2 aliquots
of starting buffer. Then 70 ml. each, in sequence, of
buffers at pH 6.5, 6.9, 7.1, 7.3, 7.5, 7.7,

8.4

(allf 0.02)

were eluted through the column. The eluent was collected
in 3.0 ml. fractionso Flow rate, at room temperature, was
adjusted to 1 ml. per minute.
Optical density (415 mu using Beckman DB-G Spectro
photometer) and pH determinations (Beckman Expandomatic)
were done on each fraction collected and plotted on graphs.
Central portions of si�nificant peaks of the eight week
neonate sample were rechromatographed on the CMC columns
to insure homogeniety of each peak. Snectrophotometric
analysis (Beckman DB-G) was also made of the fetal and
adult hemolysates and fractions recovered from the chrom
atography of the eight week neonate sample.
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RESULTS

CMC Chromatography
The first five figures illustrate typical elution
patterns obtained from an analysis of fetal and adult pig
hemoglobin samples. Figure 1 represents pooled samples
from fetuses of two litters of

43 day old fetal pigs. The

bottom portion of the chart represents the typical elution
patterns obtained from the carboxymethylcellulose columns.
The abscissa represents the number of ml. of eluent that
has passed throu�h the column and the ordinate represents
the optical density, read at

415

mu, of each sample. The

top portion of the chart represents the pH gradient as it
was recorded from the fractions collected. Figure 2 rep
resents the elution pattern from the hemoglobin of a
neonatal pig two weeks after birth and Figure 3 represents
the elution pattern for the hemoglobin of an eight week
piglet. Figure

4

shows the one year old pig hemoglobin

elution pattern and Figure

5

shows the elution pattern of

the hemoglobin of a fully. mature adult of unknown age.
The various fractions have been labelled according
to the convention adopted by Huisman et al. (1960) for
sheep, cow and goat. The Vi fraction may represent a "non
heme" fraction described by Allen et al. ( 19 SA) and Huisman
and Meyering ( 1960). The deslp:n,qtions A 0 and F 0 represent
the major adult and fetal components. 7he designations A1
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TABLE I

THE PERCENTAGES OF THE DIFFE~NT HEMOGLOBIN FRACTIONS IN
DIFWE~NT CASES ESTIMA 'ffiD FROM CARBOXYMETHYLCELLULOSE
CHROMA
TOGRAPHY

Percentage

s

Component
Adult

1 ~eer

V1

0.9

0.3

Ao

73.5

2Cl.6

Al

10.1

3.q

Fo

10.4

1

s.1

Awk.

Fetal

2.~

0.3

58.o

65.6

66.6

65.8

8.3

2q .1

22.3

16.Q

7.4

10.6

3.4

6.2

FB
1

Fe
1

2wk.

2.9

0.7

TABLEII
ELUTION pH VALUESOBTAINEDFROMCARBOXYMETHYLCELLULOSE
Cf!ROMATOGRA
PHY

pH Values
Component

Adult

1 year

8wk.

2wk.

Fetal

V1
Ao

6. 5R

6. t:;6

A1

6 .56

6.c,5

Fo

6.65

6.65

6.64

6.64

6 .63

~

7.00

6.98

6.Q5

6.Q8

6.QA

7.30

1.30

?.64

7 .65

Fr
FC
1

7 .64
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TABLE III
ELUTION POINTS (ML.)

OBTAINED FROM CARBOXVMETFM.,CELLTJLOSE
CHROMATOGRAPHY

Ml.

Component
Adult

Vl

2A

1 year

28

8wk.

2wk.

Fetal

27

28

24

Ao

112

106

Al

66

66

Fo

152

136

134

134

130

~

106

1q4

180

lAO

1A2

240

2uo

~10

'U6

FB
1

Fe

1

370
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This was especially important in detecting the disappearB
ance of the fraction F1 (pH 7.30) in Fig.3 and for the
0.01) and
separation of the adult fractions, A 0 (pH 6.57
A 1 ( pH 6 .55

±

(pH 6.65) and

±

o.Ol), from the major fetal fractions, F0

i1 (pH 6.qq � 0.01).

The F 0 and� peaks of the eight week neonate samples,
Fig.3, were rechromato�raphed on ca.rboxymethylcellulose
and show (Figs.6,7) that each peak was composed of only
one major zone or component. All major peaks that were
rechromatographed in this manner yielded a sinp;le major
peak at the same pH (

!

0.03) as during the initial runs.

Electrophoresis
The next five figures 8,9,10,11 and 12 illustrate
typical density scans of electropherograms obtained on a
Gelman Scanner. Figure 8 represents hemoglobin from a

43

day fetal pig and Figures 9 and 10 'represent hemoglobin
from neonatal pigs two weeks and eight weeks after birth.
Figure 11 shows the hemoglobin of a 1 year. old pig and
Figure 12 the electrophoretic pattern of a mature adult
pig of unknown age. Figure 13 schematically illustrates the
visible portions of the electropherograms. The abscissa
(Figs. 8,q,10,11 and 12) represents the distance travelled
from the origin and the ordinate the optical density of
the stained fraction.
Note that the major fetal component, designated F 0 ,
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in the younger stages, is not detectable after the one
year to adult transition. The minor fraction designated

Fr, Figs.

8,q, and 10, disappears by the one year old

sample. The fraction designated as

Fr disappears in the

transition from the fetal to the two week neonate stage.
In comparing the chromatograms with the results
obtained by electrophoresis we see that the patterns
obtained from the fetal sample (Figs. 1 and 6) represent
the separation of the hemoglobin into

4

hemoglobin

fractions in both cases. However the FA
1 component represented the fastest moving component in the electro

pherograms but was not eluted first in the chromatographic
columns because of the nature of the two separation
processes. Comparison of Figs. 2 and o, at two weeks,
shows that the F� component disapnears or is undetectable
in the electropherogramso Figures 3 and 10 both show three
hemoglobin components. The comparison of Figs. 4 and 11
and

5

And 12 present the greatest problems of interpretation.

Chromatographic results of the one year sample (Fig.4)
shows distinctly separate peaks for A1, A 0 , F 0 and F1• The
electrophoretic analysis (Fig.11) shows only three peaks.
The major peak has been labelled A 0 and F 0 because the
two peaks are perhaps indistinguishable using this form
of electrophoresis, at this pH, and this is why we have
only one major peak. The chromatogram (Fig. 5) of adult
pig hemoFlobin shows four distinct peaks, but the electro-
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pherogram (Fig.12) shows only two peaks which I have
labelled A 0 and A because these are the major fractions
1
present at this time. The fetal component, F 0, may not be
detectable, at this pH, as a separate entity from the A 0
component, and the

Fi

component because of its small

quantity may be hidden by the larger A1 peak.
Spectrophotometric analysis of the fetal and adult
blood cell hemolysates are represented in Figs.

14 and 15.

The scan from 700 mu to 200 mu, using both visual and

u.v.

light sources, shows a pattern similar to those found

by others (Lemberg and Legge, 1949) indicating ·oxyhemo
globin. The only significant difference between the two
samples appears to be in the U.V. range around 270 mu
which, according to Beaven, Hoch and Holyday (1951) and
Sidwell et al. (1938), is an indication that the fetal
hemoglobins are higher in aromatic amino acid content
than are the adult hemo�lobins. Figure 16 represents the
results of scans of the F 0,

1,

and F� peaks of the eight

week neonate. Note that the two peaks in the

5RO

mu to

540 mu ran�e (Figs. 14 and 15) have been replaced by a
single peak indicatin� that dialysis and chromatography
with the buffers containing KCN, has converted all the
recoverable hemo�lobin (Q5%) into the ferrihemoglobin
cyanide form, which, according to Chernoff et al. (lq65)
and Huisman and Dozy {1962), behqves chromatographically
like oxyhemo�lobin. This conversion prevents the formation
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of extraneous zones of methemoglobin on the column.

36
DISCUSSION
This investigation of adult and fetal pig hemo
globin does not suPnort the results of Barak (1958) or
Monnier and Fischer (1958) who stated that pig hemo
globin was homogeneous and that there "'ras no difference
between adult and fetal hemoglobin with respect to
electrophoretic mobility.
The hemolysates of the red blood cells of the
fetal and adult pigs have been separated into

7 distinct

fractions chromatographically and 6 distinct fractions
electrophoretically. The fractions have been assi�ed
B

the following desi�nations: Vi, A 0 , A1, F 0 , _A
�I, F1, F1C
similar to those assigned by Huisman et al. (1060) for
sheep, cow and goat. The main differences between these
results and the previous investigations of pig hemo�lobin
lie in the distinct separation of the major fetal (F 0 ) and
adult (A 0 ) components from each other and the demonstration
of the existence of a number of minor components (e.g. A1,
F1). Some of these minor components may be separate gene
products; others may be molecular degradations, alterations
or dimers.
The nature of the fraction v1, demonstrated chromato
gri:rnhically, has not been determined. Allen et al. ( 1q58)
found a "non-heme" protein fraction which has been assoc
iated with enzymes in the erythrocyte, such as methemo-
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�lobin reductqse, aupearin� at the same position as does
the

v1•

Huisman and Mevering (1°60) have also proposed

that the initial minor component is urobably a hemoglobin
artifact resulting from the introduction of pH 6.o buffer
into a column equilibrated with pH

6.5

buffer.

Carboxymethylcellulose seP-ms to be an excellent
material for separatin'-� fractions of hemop:lobin because
of its ability to adsorb reversibly a large amount of
protein, equal to its own dry weight (Prins, 1q50). It
has a low buffer capacity, however, which is why it is
necessary to dialize the nrotein sample against the initial
elution buffer. rrhe pH values at which the various frac
tlons are eluted ( Table II) are constan J..., , t thin

f- 0.03

pH

units in repeated experiments and in rechromatography (
Figs. 6 and 7). This constancy of elution pH is one of
the best features of carboxymethylcellulose A.nd prc:ides
the basis for an excellent method for identificati�

and

comparison of protein fractions. Electrophoresis on the
other hand does not seem to give definitive results. A
comparison of Figs. 4and5 with 11 and 12 will bear out
this observation.
The two techniques, chromatography and electro
phoresis, utilize different principles in the separation
of the protein components. In the chromatographic
procAdure, because the nro'Gain molecules at pH t,.5 will
h�ve a net positive charge, they will be Attracted to

the negatively charged carboxyl groups of the exchange
resin. The alteration of the pH will therefore alter the
environment of the molecule and the amphoteric proteins
will change their net charge allowing them to be detached
from the carboxyl group and flushed out of the column.
The precise pH at which each species of hemoglobin
molecule will be released depends on its amino acid
composition as we1i as its structural arran�ement. In
electrophoresis the vqrious species of m olecules are
seperqted from each other on the basis of their mobility
in an electric field. The mobility of a hemo�lobin molecule
in a basic buffer (pH 8.6) is related to its net negative
charge. At this pH we are beyond the isoelectric point of
hemoglobin molecules so the molecules should migrate at
different rates. There is no� priori reason to assume
that the electrophoretic patterns should therefore resemble
or be identical to the chromatographic patterns. Therefore
minor components appear at different positions when the
two processes are coMnared.

A

B

C

The fractions A1, F1, F1, F1 are similar in electronhoretic and chromatographic behavior to minor fractions
isolated for sheep, cow, gogt and human hemo�lobin (Huisman
et al., 1060; Huism�n qnd Meyering, 1060). 'T'he change-over
from the fetal tc the adult form (F 0 to A 0 ) as exhibited
in Figs.

4,5,

11 and 12 is characteristic of animals

studied. However the reported transition in other animRls

3q
occurs before, or at least closer to, birth. This study
indicates that the fetal-maternal hemoglobin shift starts
after birth and is not completed until at least a year
later. This raises the question concerning the phvsio
logical significance of pig hemoglobin especially the
fetal form. Apparently it must not confer any disadvantage
upon the extra-uterine pig since it constitutes the
majority of the respiratory pigment during the first year
of life and persists at the

15%

level in the mature adult

( Table I) o Since the fetal hemoglobin and the adult form
have been shown to have identical oxygen affinities, under
similar conditions, (Allen and Jandl, 1q60) the reason for
the switch from fetal to adult hemoglobin is not clear.
We are dealing with a problem of differentiation, at the
molecular level, that is not yet completely understood.
The interpretation of all minor fractions as
distinct, genetically controlled molecules is opnosed
by many (Riggs, 1g65). Evidence exists thAt hemolysates
from different species often contain multiple hemoglobins
differing only slightly in structure (Gratzer and Allison,
1960). A tendency of some hemoglobin molecules to
dissociate into subunits, in dilute solutions, can
complicate chromAtographic and electronhoretic behavior
considerably and �ive ad�itional components (Svedberg and
Redenius, 101Lt). Also polymerization of som� molecules
results in the formRtion of eight-chained molecules with
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altered behavior on CMC (Riggs et al., 1q64). Evidence
has also been obtained (Huisman et al., 1960) that the
fractions designated as A1 and F1 increase in amount with
age of the animal. If this is true, and it seems to be
indicated by this experiment (Table I), then these
components may represent structural changes of the A 0
and F 0 fractions in the erythrocytes.
In order to definitely tell how the fractions differ
from one another a further analysis of eqch fraction should
be undertaken. The ultimate goal would be the isolation
of the globin of each fraction and its separation into
chains and the amino acid analysis of each chain. One could
then determine if eqch fraction was the result of altered
sequences in their peptides or if it was the result or
some structural alteration (such as degradation or dimer
ization). Based on the work of Morton (1066) and Popp
(1965) on mice end the work that has been done on the
control of the production of hum�n hemo�lobins (Baglioni
and Colombo, 1964) I feel that further analysis will
classify the hemoglobin of pigs into the products of three
or four genes and the other variants will be found to be
structural alterations of the three or four bRsic hemo
globin molecules.
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CONCLUSIONS AND SUMMARY

The hemoglobins of adult, neonate and fetal pig
were separated by carboxymethylcellulose chromatography
and electrophoresis (polyacetate strips). A total of 6
distinct hemoglobin fractions were obtained in each
procedure. The pig therefore has 6 distinct species

(4 fetal and 2 adult) of hemoglobin molecules demonstrable
during its life cycle. 'I'he chan�e over from fetal to
adult hemo�lobin forms is initiated between 8 weeks to
1 year after birth and is not completed until after 1
year. It was observed that the fetal components (F0 and
�) maintain a 15( level in the mature adult. Minor
C
B
fractions (F1 and F1) mi�ht be due to structural alterations of the F0 and� molecules. The major fractions
(A 0 and F0 ) are thought to be genetically distinct units
based on their elution pH values, migration distances in
an electric field and the shift in the aromatic amino acid
band in

u.v.

absorption.
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APPENDIX I
Electrophoresis Procedure
The Sepraphore III strips were soaked by first
floating them on top of the Tris-ED�A-Borate buffer.
After they were thoroughly wetted, they were immersed
in the buffer. The strips were then ready to support
electrophoresis. The strips were not harmed bv remaining
in the buffer one or two days. If the strips were immersed
without thorou�h wetting, air pockets would be-trapped
and the cellulose acetate would not be activated to
supnort electrophoresis in these areas.
The electrophoresis chamber was then filled with
the Tris-EDTA-Borate buffer, approximately 750 ml., and
the buffer levelled by tilting the chember ba.ck to front,
dividing tte buffer e�1ally between the two chambers.
After immersion, the strips were removed from the
soRking buffer and placed on a piece of filter paper.
The strips were then blotted, with another piece of filter
paper to remove any excess surface buffer. The strios
were kept as moist as possible to insure nroper adsorption
of the sample onto the strips as well as proper separation
of the fractions.
The strips were then nlaced across the dividers of
the two chambers and mRgnets, which were attracted to a
metal bAr in the chgmbAr walls, were placed at the Rnode
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end to hold one end of the strips in place. A
wide piece of filter paper

3/8 inch

was then placed in the slot,

provided in the charnber, under the Sepraphore strip about
one inch from the cathode end.
The Gelman samnle applicator was then lo4ded with
dialized hemoglobin solution and the samples apnlied as
straight, uniform lines directly over the narrow filter
paper strip. The strips were then stretched tightly over
the divider and magnets placed at the cathode end to hold
the strins taut. The strip of filter paper was then removed
from beneath the acetate strips and the cover of the chamber
was closed. Electrophoresis was performed at SOO volts
for 60 minutes.
At the enn of 60 minutes the power was turned off
and the strips were removed. The strips were held hor
izontally while removin� them from the chqmber so that
buffer did not come in contact with the protein bands.
The strips were iMMediqtely placed in the stain (Ponceau

S-500

mg. in 100 ml. of

5%

trichloro8cetic acid) for

5

minutes. The excess stain was removed by washing for
three minutes in each of

4

trays of

S%

acetic acid. It

was important to remove all the excess stain before
scanning procedures were employed,
The strips were then air dryed until all the
moisture was completely removed. rrhey were then cleared
by dinpinR them into a solution of acetic acid in methanol

(10-15 cc. glacial acetic acid and 85-qo cc. methanol)
for 40 seconds. As the strips were removed from the
clearing solution they were placed on clean glass slides.
Bubbles were eliminated by rolling the strips onto the
slide or by forcing them out with another slide dipped
in the clearing solution. The strips were then trimmed
to slide length. The cleared strips were allowed to
stand overnight and then were scanned on a Gelman
Scanner.

ABSTRACT

Hemoglobin, from the erythrocytes of adult and
fetal pigs, was isolated and analyzed by carbox-ymethyl
cellulose column chromatography and electrophoresis on
polyacetate.
These techniques demonstrate the existence of

C
B
four fetal components (F0 , -A
� , F , F ) and two adult
1 1 1
components (A 0 , A1) based on their elution pH values
and electrophoretic mobilities. The shift from-fetal

to adult forms is initiated sometime between eight weeks
after birth and one year. The change is not completed
until sometime after one year and the major fetal forms
(F0 ,

�)

maintain a

15%

level in a mature adult.

This report is in contrast with the results of
early work that indicated that pig hemoglobin was
homogeneous in nature. It conforms to the work by other
researchers on other animals by showing that pig hemo
globin is hetero�eneous.

